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BSTRACT
Background:
 
Because fungi in the indoor environ-
ment strongly affect not only damage to and the dete-
rioration of building materials, but also affect human
health, it is important to know the distribution of
fungi within an indoor environment. Therefore, in the
present study, we examined fungi in houses over a
period of 1 year and attempted to produce an indoor
fungal contamination map for Japanese houses.
 
Methods:
 
Fungi were collected at approximately 100
fixed points in 81 ordinary houses around the Kanto
District using either the stamp or dressing tape
methods between 1999 and 2000. A commercially
available potato dextrose agar culture medium was
used to incubate the fungi collected. After incubation,
fungi were quantified and identified by routine
methods and the fungal conditions in the indoor
environment was evaluated.
 
Results:
 
The relationships between the fungal con-
ditions in the indoor environment found around the
Kanto District and parameters such as the season,
area in the house and indoor environment were
analyzed. According to the fungal flora found in the
present study, the indoor environment in Japanese
homes was classified into three areas: (i) relatively wet
areas, such as the bathroom, lavatory and kitchen,
where hygrophilic fungi and yeasts are often detected;
(ii) relatively dry areas, such as the living room and
Japanese-style rooms, where xerophilic fungi are often
detected; and (iii) areas where wet and dry parts
coexist, such as bedrooms and closets containing
futons and clothes with moisture, where both hydro-
philic and xerophilic fungi, as well as yeasts, are
detected. In the presnt survey, seasonal changes in the
fungi detected in the indoor environment were small.
 
Conclusions:
 
We confirmed the actual fungal condi-
tions in the indoor environment and produced a fungal
map.
 
Key words:
 
fungal map, fungi, indoor environment,
yeast.
 
I
 
NTRODUCTION
 
Recently, comfort has come to be considered as very
important in social life. In particular, comfort in houses,
where we spend consideralbe time on a daily basis, is
important. Changes in architectural style have provided
comfort as a result of high airtightness and insulation of
homes, but have also markedly changed the environ-
ment of fungi, such as molds. It has been reported that
the increasing incidence of allergic diseases, such as
asthma, rhinitis and atopy, is caused by molds in the
indoor environment.
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It is important to establish techniques for the control
of molds in the indoor environment and to take
countermeasures against molds, taking into considera-
tion the types of fungi and the fungal conditions in various
indoor sites, seasonal changes in fungi, changes in
temperature and humidity and changes in lifestyle.
However, there have been few large-scale studies on
molds attached to houses and floating in the air that
have taken the seasons and the indoor environment into
consideration.
In the present study, we performed a survey of fungi
found in 81 ordinary houses in Utsunomiya City in
Tochigi Prefecture over the four seasons, clarified the
fungal flora in each room of the houses and produced a
fungal contamination map.
METHODS
Places and times of investigation
A survey of fungi was performed in every room of 81
ordinary detached houses in Utsunomiya City during
November–December 1999 (25 houses), March 2000
(17 houses), June–July 2000 (22 houses) and September–
October 2000 (17 houses).
Sampling sites for fungi
Sampling of fungi was performed at approximately 100
sampling points in the entrance, living room, Japanese-
style rooms, bedrooms, bathroom, lavatory, kitchen and
closets in every house.
Temperature and humidity change within closets
according to the height from the floor,2 so, in the present
study, closets were divided into upper (240 cm), middle
(120 cm) and lower (0 cm) zones and investigations of
fungi in these different zones were undertaken.
Methods of measuring attached fungi
Molds and yeasts were collected by the stamp method
(φ60 mm; chloramphenicol-added potato dextrose agar
culture medium; Nissui Pharmaceuticals, Tokyo, Japan).
After incubation at 25°C for 1 week, the number of fungi
was determined (in c.f.u.) and fungi were identified
according clonizing and morphological characteristics,
such as the formation of giant colonies, and slide culture
methods.3,4 Results are expressed as the number of fungi
per 10 cm2.
RESULTS
Characteristics of the fungal flora in each 
room
Fungal distribution in the indoor environment
The detection rate of fungi in all 81 houses was highest
for Cladosporium (38.4%), followed by yeasts (32.6%;
Rhodotorula (13.0%) ), Penicillium (8.9%), Alternaria
(8.4%), Arthrinium (3.3%), Aureobasidium (3.3%) and
Phoma (3.3%; Fig. 1).
Fungal flora in each room
Characteristics of fungal flora in bathrooms and 
powder rooms
As shown in Table 1, in the bathrooms of all 81 houses,
the detection rate of Cladosporium was highest (48.9%),
followed by Alternaria (9.6%), Phoma (5.9%) and Penicil-
lium (5.2%). However, almost no fungi of the genus
Aspergillus were detected in any of the bathrooms. The
detection rate of yeasts was very high (56.7%; including
Rhodotorula (30.6%)). In powder rooms, the detection
rate of Cladosporium was highest (48.5%), as for
bathrooms, followed by Penicillium (10.7%) and Alter-
naria (9.0%; Table 1). The detection rate of yeasts was
also high (41.7%; including Rhodotorula (17.5%)). In
bathrooms, the average number of Cladosporium was
largest (5.3 c.f.u./10 cm2 ), followed by Penicillium
(4.8 c.f.u./10 cm2), Phoma (4.3 c.f.u./10 cm2 ) and
Aureobasidium (3.8 c.f.u./10 cm2; Table 1). In powder
rooms, the average number of Cladosporium was
Fig. 1 Number of fungi found in the 81 houses surveyed in the
present study.
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largest (5.5 c.f.u./10 cm
 
2
 
), followed by 
 
Penicillium
 
(2.9 c.f.u./10 cm
 
2
 
) and 
 
Paecilomyces
 
 (2.8 c.f.u./10 cm
 
2
 
;
Table 1).
 
Characteristics of fungal flora in kitchens
 
As shown in Table 2, the detection rate of molds in the
kitchens of the 81 houses was highest for 
 
Clados-
porium
 
 (36.1%), followed by 
 
Penicillium
 
 (11.9%) and
 
Alternaria
 
 (6.2%). The detection rate of yeasts was
51.8% (including 
 
Rhodotorula
 
 (18.4%)). In kitchens,
the average number of 
 
Fusarium
 
 was largest
(4.8 c.f.u./10 cm
 
2
 
), followed by 
 
Aureobasidium
 
(4.5 c.f.u./10 cm
 
2
 
), 
 
Cladosporium
 
 (4.2 c.f.u./10 cm
 
2
 
),
 
Penicillium
 
 (4.2 c.f.u./10 cm
 
2
 
) and 
 
Phoma
 
 (2.9 c.f.u./
10 cm
 
2
 
; Table 1).
 
Characteristics of the fungal flora found in living 
rooms and Japanese-style rooms
 
As shown in Table 1, the detection rate of molds in the
living rooms of the 81 houses was highest for 
 
Clados-
porium
 
 (31.0%), followed by 
 
Penicillium
 
 (10.9%) and
 
Alternaria
 
 (6.0%). The detection rate of yeasts was
24.2% (including 
 
Rhodotorula
 
 (8.5%)). In the Japanese-
style rooms, the detection rate of molds was highest for
 
Cladosporium
 
 (65.4%), followed by 
 
Alternaria
 
 (23.1%),
 
Penicillium
 
 (11.5%), 
 
Fusarium
 
 (11.5%) and 
 
Phoma
 
(7.7%; Table 1), but no yeasts were detected. In living
rooms, the average number of 
 
Aspergillus niger
 
 was
largest (5.6 c.f.u./10 cm
 
2
 
), followed by 
 
Cladosporium
 
(5.1 c.f.u./10 cm
 
2
 
), Penicillium (3.1 c.f.u./10 cm2 ), Epic-
occum (1.8 c.f.u./10 cm2) and Aureobasidium (1.5 c.f.u./
10 cm2; Table 1).
Table 1 Frequency of detection and occurrence of fungi in each room
Entrance Kitchen Living room Japanese-
style room
Powder room Bathroom Lavatory Bedroom
Aspergillus niger 4.3 (2.4) 3.9 (2.3) 1.2 (5.6) 3.8 (2.0) 1.7 (1.8) 0.9 (1.6) 0.0 0.0
Aspergillus restrictus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.9 (1.0)
Aspergillus versicolor 0.5 (0.3) 0.5 (0.9) 0.8 (0.4) 0.0 1.4 (1.1) 0.5 (0.4) 0.6 (1.0) 0.0
Eurotium 0.5 (0.3) 0.1 (0.3) 0.0 0.0 0.3 (0.3) 0.0 0.6 (0.5) 0.0
Acremonium 0.5 (0.5) 0.5 (1.0) 1.6 (1.3) 0.0 1.7 (0.7) 0.2 (0.5) 1.8 (1.0) 1.9 (1.5)
Alternaria 21.0 (2.1) 6.2 (1.7) 6.0 (0.9) 23.1 (2.3) 9.0 (1.9) 9.6 (2.1) 10.4 (1.2) 7.5 (1.6)
Arthrinium 8.1 (2.0) 2.2 (1.8) 2.4 (0.7) 0.0 3.7 (1.6) 2.8 (1.7) 3.0 (2.4) 5.7 (2.3)
Aureobasidium 2.2 (1.0) 4.5 (4.5) 3.6 (1.5) 0.0 3.7 (1.9) 4 (3.8) 3.7 (0.6) 1.9 (2.0)
Botrytis 0.0 1.0 (1.7) 0.4 (0.3) 0.0 0.8 (0.9) 4.5 (2.5) 0.6 (0.5) 0.9 (3.0)
Cladosporium 62.9 (4.3) 36.1 (4.2) 31.0 (5.1) 65.4 (6.5) 48.5 (5.5) 48.9 (5.3) 42.1 (2.1) 33.0 (2.6)
Chaetomium 1.6 (0.5) 2.2 (2.1) 3.2 (0.8) 0.0 1.4 (1.0) 1.2 (0.8) 5.5 (1.3) 0.9 (1.0)
Curvularia 1.1 (0.4) 0.8 (1.0) 0.8 (0.5) 0.0 0.8 (1.8) 1.2 (1.3) 0.0 0.9 (2.0)
Epicoccum 3.8 (1.7) 1.5 (1.8) 2.0 (1.8) 15.4 (1.5) 2.5 (1.5) 1.4 (1.0) 1.2 (0.8) 0.0
Fusarium 3.8 (1.7) 2.1 (4.8) 2.4 (0.7) 11.5 (1.2) 6.2 (1.6) 1.9 (1.6) 1.2 (1.0) 2.8 (4.0)
Geotrichum 0.0 0.0 0.4 (0.3) 0.0 0.0 0.0 0.0 0.0
Nigrospora 2.2 (1.2) 1.5 (1.8) 0.8 (0.5) 11.5 (1.2) 1.4 (1.0) 1.2 (1.6) 0.0 1.9 (1.8)
Paecilomyces 3.8 (0.5) 0.2 (0.5) 0.0 0.0 0.6 (2.8) 0.5 (1.3) 0.6 (0.5) 0.0
Penicillium 12.9 (2.5) 11.9 (4.2) 10.9 (3.1) 11.5 (1.2) 10.7 (2.9) 5.2 (4.8) 10.4 (0.9) 2.8 (2.3)
Pestalotia 2.2 (0.5) 0.8 (2.4) 1.2 (0.7) 7.7 (0.8) 1.4 (2.4) 0.9 (1.3) 1.2 (2.0) 0.0
Phoma 0.5 (0.3) 4.4 (2.9) 2.0 (0.5) 7.7 (0.8) 2.8 (1.9) 5.9 (4.3) 5.5 (1.1) 1.9 (1.5)
Scopulariopsis 0.0 0.3 (1.5) 0.4 (0.5) 0.0 0.3 (0.3) 0.2 (0.5) 0.0 0.0
Stachybotrys 0.5 (0.5) 0.1 (0.5) 0.8 (0.5) 0.0 0.0 0.0 0.0 0.0
Trichoderma 1.6 (1.4) 0.3 (1.1) 0.0 0.0 0.0 0.0 0.6 (1.0) 0.0
Wallemia 0.0 0.1 (0.5) 0.8 (0.4) 0.0 0.3 0.0 0.0 0.0
Absidia 0.0 0.1 (0.5) 0.0 3.8 (0.4) 0.0 0.0 0.0 0.0
Mucor 0.0 0.1 (0.3) 0.4 (0.3) 0.0 0.0 0.0 0.0 0.0
Rhizopus 1.1 (0.5) 0.9 (0.8) 0.0 0.0 0.0 0.5 (0.4) 0.0 0.0
Mycelia 4.3 (0.9) 1.6 (1.9) 4.0 (1.3) 0.0 5.4 (1.6) 4.9 (2.7) 6.7 (1.6) 5.7 (2.6)
Yeasts (R–) 11.3 (2.4) 33.4 (23.5) 15.7 (5.1) 0.0 24.2 (5.1) 26.1 (11.7) 12.8 (31.0) 14.2 (2.7)
Rhodotorula 5.9 (0.6) 18.4 (5.5) 8.5 (2.6) 0.0 17.5 (3.2) 30.6 (7.0) 13.4 (1.4) 2.8 (2.0)
Data show the percentage frequency of fungal detection in each room, with the average number of fungi per 10 cm2 given in parentheses.
R–, values for yeasts, except for Rhodotorula.
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Characteristics of the fungal flora in bedrooms
As shown in Table 1, the detection rate of molds in the
bedrooms of the 81 houses was highest for Clados-
porium (33.0%), followed by Alternaria (7.5%), Arthrin-
ium (5.7%), Penicillium (2.8%) and Fusarium (2.8%). The
detection rate of yeasts was 17.0% (including Rhodo-
torula (2.7%)). The average number of Fusarium was
largest (4.0 c.f.u./10 cm2), followed by Botrytis (3.0 c.f.u./
10 cm2 ), Cladosporium (2.6 c.f.u./10 cm2 ), Mycelia
(2.6 c.f.u./10 cm2 ), Arthrinium (2.3 c.f.u./10 cm2) and
Penicillium (2.3 c.f.u./10 cm2; Table 1).
Characteristics of the fungal flora in entrances and 
toilets
In the entrances of the 81 houses surveyed, the detection
rate of molds was highest for Cladosporium (62.9%),
followed by Alternaria (21.0%), Penicillium (12.9%) and
Arthrinium (8.1%; Table 1); the detection rate of yeasts was
17.2% (including Rhodotorula (5.9%)). In lavatories, the
detection rate of molds was highest for Cladosporium
(42.1%), followed by Alternaria (10.4%), Penicillium
(10.4%) and Phoma (5.5%); the detection rate of yeasts
was 26.2% (including Rhodotorula (13.4%)). In the
entrances, the average number of Cladosporium
was largest (4.3 c.f.u./10 cm2), followed by Penicillium
(2.5 c.f.u./10 cm2), A. niger (2.4 c.f.u./10 cm2) and Alter-
naria (2.1 c.f.u./10 cm2). In toilets, the average number of
Arthrinium was largest (2.4 c.f.u./10 cm2), followed by
Cladosporium (2.1 c.f.u./10 cm2), Pestalotia (2.0 c.f.u./
10 cm2) and Chaetomium (1.3 c.f.u./10 cm2; Table 1).
Characteristics of the fungal flora in closets
In the closets of the 81 houses surveyed, the detection
rate of molds was highest for Cladosporium (24.9%),
followed by Penicillium (7.8%), Alternaria (5.2%), Phoma
(2.6%) and Fusarium (2.5%; Table 3); the detection rate
of yeasts was 8.8% (Rhodotorula (2.9%)). In the top
shelves of closets, the detection rate of molds was
highest for Penicillium (41.9%), followed by Cladospo-
rium (16.1%). In the middle shelves of closets, the
detection rate of molds was highest for Cladosporium
(16.1%), followed by Penicillium (41.9%), Chaetomium
(12.5%) and A. niger (10.4%). In the bottom shelves of
closets, the detection rate of molds was highest for
Cladosporium (36.0%), followed by Penicillium (20.9%),
Alternaria (8.1%) and Chaetomium (5.8%; Table 2).
The average number of colonies of Penicillium,
Cladosporium in the top shelves of closets was 27.8 and
22.2 c.f.u./10 cm2, respectively. The average number of
colonies of Cladosporium, Penicillium and A. niger in
middles shelves of closets was 20.5, 15.4 and
10.3 c.f.u./10 cm2, respectively. On the bottom shelves,
the average number of colonies of Cladosporium, Peni-
cillium and Alternaria was 35.3, 19.6 and 9.8 c.f.u./
10 cm2, respectively.
Table 2 Frequency of detection and occurrence of fungi at the three sampling points in closets
Closet 
Upper (240 cm) Middle (120 cm) Lower (0 cm)
Aspergillus flavus 6.5 (5.6) 0.0 0.0
Aspergillus fumigatus 3.2 (5.6) 0.0 0.0
Aspergillus niger 0.0 10.4 (10.3) 1.2 (2.0)
Aspergillus ochraceus 3.2 (5.6) 4.2 (2.1) 0.0
Aspergillus versicolor 3.2 (5.6) 2.1 (2.1) 1.2 (2.0)
Acremonium 0.0 2.1 (2.1) 0.0
Alternaria 3.2 (5.6) 4.2 (2.1) 8.1 (9.8)
Aureobasidium 0.0 2.1 (2.1) 2.3 (2.0)
Cladosporium 16.1 (22.2) 22.9 (20.5) 36 (35.3)
Chaetomium 0.0 12.5 (7.7) 5.8 (5.9)
Fusarium 0.0 8.3 (5.1) 2.3 (2.0)
Geotrichum 6.5 (5.6) 0.0 0.0
Penicillium 41.9 (27.8) 14.6 (15.4) 20.9 (19.6)
Phoma 6.5 (5.6) 6.3 (5.1) 2.3 (2.0)
Trichoderma 0.0 0.0 1.2 (2.0)
Mucor 0.0 2.1 (2.6) 0.0
Rhizopus 0.0 0.0 2.3 (2.0)
Yeasts 3.2 (5.6) 25 (15.4) 16.3 (15.7)
Data show the percentage frequency of fungal detection in each room, with the the average number of fungi per 10 cm2 given in parentheses.
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Seasonal changes in fungal flora in each room
As shown Fig. 2 and Table 3, there were no significant
changes in the fungal flora in each room with different
seasons in any of the 81 houses examined in the present
study. However, the number of Penicillium, Alternaria
and Fusarium fungi was slightly larger in June–July
and September–October than in November–December
and March, and the number of yeasts was slightly larger
in November–December and March compared with
June–July and September–October.
DISCUSSION
Recently, fungal allergens in indoor environments have
become a serious problem because they may cause
athsma and atopic diseases.5–8 With regard to fungal
distribution around the living environment, airborne
fungi in outdoor or indoor environments have mainly
been investigated.
However, there is little information available on the
fungal distribution within specific areas of the indoor
environment in Japan. Therefore, in the present study we
attempted to establish a fungal map as background
information on the health hazards posed by fungi in the
indoor environment for fungal allergic diseases.
Fungal flora in the bathroom and lavatory was charac-
terized by a very large number of hygrophilic molds.2,9
This may be because humidity is always high in the bath-
room and lavatory. At all measurement points in the
bathroom, hygrophilic molds, such as Phoma, Clados-
porium and Aureobasidium, were predominant. Hamada
et al.10 reported that the detection rate of Exophiala in
bathrooms was very high, but Exophiala was not detected
at any of the measurement points in the present study.
Nishimura et al.11 also reported that Exophiala was often
isolated from water in bathtubs and drainpipes of
ordinary houses and bathhouses. In the present study,
Exophiala was not detected, probably because we did not
perform sampling around drains.
Takatori et al.12 reported that hygrophilic fungi, such
as Cladosporium, Alternaria, Fusarium, Trichoderma,
Rhizopus and Aureobasidium, were isolated from humid
places, such as joints in bathrooms and walls with dew
condensation, in agreement with the results of the present
study.
Of the yeasts detected in the bathroom, Rhodotorula
was predominant, which supported the results of the
study by Kanno et al.13 Because Rhodotorula was
detected in lower areas along walls and on the floor, it
may be heat resistant.
It was considered that molds in the bathroom grow by
taking nutrients from soap and human dirt. Kanno et al.
reported that many types of molds and yeasts, such as
Cladosporium and Rhodotorula, grow on soap and
Hamada et al.10 reported that soapboxes and shampoo
containers were contaminated with molds and yeasts. In
the present study, we detected many types of molds and
yeasts, such as Aureobasidium, Alternaria and Clados-
porium, in soapboxes, supporting the results of the previ-
ous studies.
Generally, the number of Penicillium and Nigrospora
tended to increase during the dry season, whereas that of
Alternaria increased during the wet season. In the houses
surveyed in the present study, hygrophilic fungi were often
Fig. 2 Changes in fungi found
in the 81 houses surveyed in the
present study according to
season. (), November–
December 1999; ( ), March
2000; ( ), June–July 2000;
(), Spetember–October 2000.
374 K ARA ET AL.
detected and, of these fungi, the detection rate of
Cladosporium was highest, followed by Alternaria and
Fusarium.
In closets, Chaetomium and yeasts were detected in
the middle and bottom shelves, where the detection rate
of hygrophilic molds was higher than for the upper
shelves. Chaetomium is a hygrophilic fungus proliferating
at medium temperature and has cellulose degradability.
Chaetomium may have proliferated on clothes and paper
boxes. Aihara et al.2 examined the fungal flora on indoor
walls and reported that hygrophilic fungi, such as Chae-
tomium and Cladosporium, were detected in lower areas
along walls, suggesting vertical distribution of fungal
flora according to differences in humidity. Our findings
also suggest such a vertical distribution. Gray et al.14
reported that Aureobasidium pullulans proliferates on
moist cellulosic materials and paints, Chaetomium on paper
and Trichoderma on textiles, suggesting that the mold
flora varies with the materials stored in closets.
Aihara et al.9 examined the fungal flora in the indoor
environment of ferroconcrete apartments in Kanagawa
Prefecture and reported that more than 60% of all fungi
detected in straw mats (Tatami) were xerophiles (Euro-
tium). In the present study, almost no Eurotium were
detected, probably because we used only potato dextrose
agar (PDA) medium. The PDA medium is more appro-
priate for detecting general molds rather than xerophilic
molds. Therefore, the present investigation may not
Table 3 Seasonal changes in fungal detection within the houses
November–
December 1999
March 
2000
June–July 
2000
September–
October 2000
Average
Aspergillus flavus 1.0 1.0 0.0 1.0 1.0
Aspergillus niger 2.1 2.1 1.8 3.3 2.5
Aspergillus ochraceus 0.0 0.0 0.0 2.0 2.0
Aspergillus versicolor 1.8 1.6 3.3 0.0 2.1
Aspergillus terreus 1.7 2.0 0.0 2.0 1.8
Emericella 4.0 4.0 0.0 1.0 3.0
Eurotium 1.0 1.0 0.0 1.0 1.0
Acremonium 1.7 1.7 1.7 1.3 1.6
Alternaria 1.9 1.8 1.6 1.9 1.8
Arthrinium 2.0 1.8 1.8 1.6 1.9
Aureobasidium 7.0 4.8 2.5 2.3 4.6
Botrytis 3.3 2.3 2.3 2.5 2.9
Cladosporium 3.6 4.0 4.4 4.3 4.0
Chaetomium 2.3 1.9 1.9 2.0 2.0
Curvularia 1.0 1.8 2.8 1.7 1.7
Epicoccum 2.0 0.0 3.5 2.1 2.7
Fusarium 2.0 2.6 4.8 2.3 2.9
Geotrichum 2.0 1.3 0.0 1.0 1.5
Nigrospora 1.3 3.5 1.0 1.8 1.9
Paecilomyces 3.0 2.0 1.0 2.0 2.4
Penicillium 3.0 3.5 3.1 5.1 3.6
Pestalotia 2.2 2.0 2.0 2.0 2.1
Phoma 2.0 3.5 2.8 3.2 2.9
Scopulariopsis 1.3 1.5 1.5 3.5 1.9
Stachybotrys 1.8 2.0 0.0 0.0 1.9
Trichoderma 0.0 3.0 2.0 2.0 2.6
Wallemia 1.3 1.5 0.0 2.0 1.6
Absidia 2.0 2.0 0.0 0.0 2.0
Mucor 1.0 1.0 0.0 2.0 1.2
Rhizopus 1.4 1.4 0.0 0.0 1.4
Mycelia 1.8 2.0 2.1 1.7 1.8
Yeasts (R–) 14.2 10.0 23.3 16.5 13.5
Rhodotorula 5.6 4.9 6.5 5.8 5.4
Malassezia 22.3 35.0 0.0 1.8 13.5
Data show the average number of fungi per 10 cm2.
R–, values for yeasts, except for Rhodotorula.
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necessarily be suited for the isolation of the xerophilic
fungi. In addition, there were differences in the tempera-
ture and humidity under the straw mats between ordinary
houses and apartments. Hamada and Yamada15 exam-
ined the fungal flora in straw mats and in the dust in
carpets and reported that the detection rate of Aspergillus
restrictus was slightly higher in straw mats, whereas that of
Wallemia sebi was slightly higher in the dust in carpets,
because A. restrictus, for which the water activity (Aw)
value is lower than that for W. sebi, can grow in an
environment that has less moisture available. Hamada16
examined the relationship between the frequency of
cleaning and the fungal flora, and reported that
increases in A. restrictus and decreases in other fungi
were observed in houses where cleaning was not per-
formed everyday. Hamada16 also reported that the fungal
flora in straw mats was determined by the limitation factor
of nutritional sources and the Aw value. These studies
suggest that the flora of xerophilic fungi varies with the
dry condition of straw mats and the nutritional sources in
the houses.
In conclusion, in the present study, the fungal flora in
bedrooms was characterized by a high detection rate of
xerophilic fungi, such as Aspergillus and Eurotium, which
was the same as observed in the living room and Japanese-
style rooms. Although data are not shown, hygrophilic
Penicillium, Aureobasidium, Alternaria and yeasts were
detected in futons. These findings indicate the coexist-
ence of hygrophilic and xerophilic molds in bedrooms.
Takatori et al.12 reported that the optimal relative humid-
ity (RH) of drought-resistant molds, such as Aspergillus
and Penicillium, was 85–95%, and such molds grow well
on veneers in closets, clothes, leathers and straw mats, in
agreement with the findings of the present study. Takatori
et al.12 also reported that the optimal RH of xerophilic
molds, such as Eurotium, A. restrictus and Wallemia, was
65–90% and that such molds were often detected on
almost-dry glass, books, leathers and in house dust.
Fig. 3 Fungal contamination map for a Japanese house.
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In the present study, only a few such xerophilic molds
were detected in the living room, Japanese-style rooms
and bedrooms (i.e. in relatively dry environments within
the the houses).
Based on these findings, we produced a fungal map
for Japanese houses (Fig. 3).
According to the fungal flora found in the present
study, the indoor environment in Japanese homes was
classified into three areas: (i) relatively dry areas, such as
the living room and Japanese-style rooms (consisting
of many dry articles), where xerophilic fungi are often
detected; (ii) relatively wet areas, such as the bathroom,
lavatory and kitchen, where hygrophilic fungi and yeasts
are often detected; and (iii) areas where wet and dry parts
coexist, such as bedrooms and closets. Like the living
rooms, the bedrooms were dry, but most of the molds
detected from futons were hygrophilic because futons
accumulate high humidity owing to the absorption of a
large amount of sweat during sleeping. In closets, the
upper shelves were dry, but hygrophilic molds were
detected in the middle and lower shelves containing
futons and clothes with moisture. Panasenko et al.17
examined the dust in houses in Europe and the US and
reported that xerophilic molds, which grow at a low rela-
tive humidity of 65–80%, were detected. Weiss et al.18
reported that hygrophilic molds, such as Fusarium,
Mucor, Aureobasidium and Rhizopus, were detected in
houses with high humidity in Poland. Rijckaert et al.19
examined the fungal flora in ordinary houses in the world
and reported that the number of fungi was larger in
houses in Amsterdam and Sao Paulo with a coastal
climate compared with houses in Ankara with a Mediter-
ranean climate and houses in Holsteinborg (Greenland)
with a polar climate. Verhoeff et al.20 showed that species
of the genera Cladosporium, Eurotium and Penicillium
were found in the indoor air of all houses investigated,
which is in agreement with the results of the present study.
Solomon21 reported that fungus isolations from the air
outside and within 26 homes during frost-free periods
showed levels of viable fungus particles averaging 25%
of those prevailing in the immediate vicinity out-of-doors.
In addition, emanations of dark-spored form genera
(e.g. Cladosporium and Alternaria) predominated in the
outside and inside air. Although we did not evaluate
the mold in the air in the present study, Cladosporium
and Alternaria were detected on the floor surface and on
walls inside the houses and this is interesting in terms
of the relationship with fungi in the atmosphere. The
number of fungi is reported to be high in houses with high
relative humidity. The humid environment in Japan is
considered to be suitable for fungal growth.
Molds floating in the air and those in the dust are
generally important in causing allergic diseases. Akiyama
et al.22 examined the positive rate of immediate skin
reaction and the blood IgE antibody titer to house dust
in adult patients with bronchial asthma and with hyper-
sensitive pneumonitis and reported that the positive rate
of immediate skin reaction was high for Neurospora
(46.8%) and A. restrictus (39.6%) and that xerophilic
molds, such as Aspergillus fumigatus, Aspergillus ochra-
ceus, Aspergillus sydowii and W. sebi, affected human
health as inhalation allergens. Sakamoto et al.23 reported
that W. sebi and A. restrictus were detected by examina-
tion of the blood IgE antibody titer in children with bron-
chial asthma. The existence of allergic spores of indoor
xerophilic molds is related to the relative humidity in the
house. Spores of Alternaria, which is highly prevalent
among molds floating in the air, are easily attached to
the nasal cavity because their size is large. Alternaria also
has high protease activity and is known as a causal aller-
gen of allergic rhinitis.24,25 Molds are widely distributed in
our living environment and may harmfully affect health
conditions when the body condition or environment is
changed. It is necessary to elucidate the condition of
causal molds of allergic diseases in houses and to totally
evaluate the effects of such molds on health.
REFERENCES
1 Takatori K, Akiyama K. Relations with the mold and the
human. J. Antibact. Antifung. Agents 1999; 27: 201–6
(in Japanese).
2 Aihara M, Tanaka T, Takatori K. Fungal CFU and distri-
bution on the upper, middle and lower vertical points
of house walls. J. Antibact. Antifung. Agents 2000; 28:
421–6 (in Japanese).
3 Barnett HL, Hunter BB. Illustrated Genera of Imperfect
Fungi, 4th edn. New York: Macmillan. 1987.
4 Samson RA, Hoekstra ES, Frisvad JC, Filtenborg O. Intro-
duction to Food- and Airborne Fungi, 6th edn. Utrecht:
Centraalbureau voor Schimmelcultures. 2002.
5 Garrett MH, Rayment PR, Hooper MA, Abramson MJ,
Hooper BM. Indoor airborne fungal spores, home damp-
ness and association with environmental factors and
respiratory. Clin. Exp. Allergy 1998; 28: 459–67.
6 Akiyama K. The role of fungal allergy in bronchial asthma.
Jpn J. Mycol. 2000; 41; 149–55 (in Japanese).
7 Akiyama K. Fungal allergy: Clinical aspect. Jpn J. Mycol.
2001; 42: 109–11 (in Japanese).
8 Akiyama K. Environmental allergens and allergic diseases.
Jpn J. Clin. Pathol. 1997; 45: 13–18 (in Japanese).
FUNGAL CONTAMINATION IN AN ORDINARY HOUSE 377
9 Aihara M, Tanaka T, Takatori K. Monthly changes of
fungi. J. Antibact. Antifung. Agents 2000; 28: 3–8
(in Japanese).
10 Hamade N, Fujita T. Fungal contamination in bathroom.
J. Antibact. Antifung. Agents 1999; 27: 351–8 (in
Japanese).
11 Nishimura K. Life and Microorganism. Tokyo: Nanzando.
1985.
12 Takatori K. Moulds in house environments and the health
problem. Natl Inst. Public Health 1998; 47: 13–18
(in Japanese).
13 Kanno S. Mold which occurs in the building interior
material, and the way of preventing it. Mokuzai Kogyo
1977; 32: 192–7 (in Japanese).
14 Gray WD. The Relation of Fungi to Human Affairs. New
York: Holt. 1959.
15 Hamada N, Yamada A. Air borne fungal contamination in
dwellings. J. Antibact. Antifung. Agents 1995; 23: 281–6
(in Japanese).
16 Hamada N. Ecology and behavior of the fungal flora in
house dust. J. Antibact. Antifung. Agents 1991; 19:
127–34 (in Japanese).
17 Panasenko VT. Ecology of microfungi. Bot. Rev. 1967;
33: 189–215.
18 Weiss A. Mycological studies in the living quarters of
subjects with bronchial asthma in Krakow. Allergie Asthma
1964; 10: 199–205.
19 Rijckaert G. Exposure to fungi in modern homes. Allergy
1981; 36: 277–9.
20 Verhoeff AP, van Wijnen JH, Boleij JS, Brunekreef B,
van Reenen-Hoekstra ES, Samson RA. Enumeration and
identification of airborne viable mould propagules in
houses. Allergy 1990; 45: 275–84.
21 Solomon WR Assessing fungus prevalence in domestic
interiors. J. Allergy Clin. Immunol. 1975; 56: 253–42.
22 Akiyama K, Tanaka T, Takatori K et al. A study on indoor
allergens measured in home environments of adult-
asthmatic patients. Jyutaku Sogo Kenkyu Zaidan Kenkyu
Nenpo 1997; 24: 257–66 (in Japanese).
23 Sakamoto T, Torii S. Allergenic relationships between
Aspergillus restrictus determined by radioallergosorbent
test inhibition. Allergie 1991; 40: 1320–6 (in Japanese).
24 Fung F, Tappen D, Wood G. Alternaria-associated asthma.
Appl. Occup. Environ. Hygiene 2000; 15: 924–7.
25 Halonen M, Stern DA, Wright AL, Taussig LM,
Martinez TD. Alternaria as a major allergen for asthma in
children raised in a desert environment. Am. J. Respir. Crit.
Care Med. 1997; 155: 1356–61.
